Introduction {#sec1-1}
============

Affective disorders have been on the rise worldwide. Current estimates state that around one in ten individuals suffer from depression at least once in a life time, which would require medical treatment.\[[@ref1]\] Major depressive disorder (MDD) is a mental disorder characterized by a pervasive and persistent low mood that is accompanied by low self-esteem coupled with a loss of interest or pleasure in normally enjoyable activities.\[[@ref2]\] MDD has a significant socioeconomic impact and is associated with a deterioration in the quality of life which raises the susceptibility to several other complex disorders. Depression has a familial disposition and may be aggravated on exposure to severe stressors.\[[@ref3]\]

The diagnosis of MDD differs from other complex disorders in that it depends on the verbal communication and other subjective measures.\[[@ref4]\] Hence, a biological marker would be greatly desired to confirm the diagnosis of MDD. A biomarker can be used as an indicator that can be measured and assessed to predict normal biological, pathogenic processes, or a pharmacological response to a therapeutic intervention.\[[@ref4]\] Biomarkers can be used for predicting treatment course. They may also assist discovery of new antidepressant drugs. MDD treatment is long and very often fails to meet up to the remission criteria. Assessment of cure with the help of a biomarker could reduce ambiguity and give therapy a definite direction and lead to personalized treatment.\[[@ref5]\] The biomarkers which could be used for denoting antidepressant treatment response are shown in [Figure 1](#F1){ref-type="fig"}.\[[@ref6]\]

![Overview: Biomarkers of antidepressant treatment response. CRH, corticotropin-releasing hormone; CYP = Cytochrome P450, Dex = Dexamethasone, FKBP5 = FK506-binding protein 5, IGF-1 = Insulin-like growth factor 1, QEEG = Quantitative electroencephalographic, rACC = Rostral anterior cingulate cortex, REM = Rapid eye movement, VEGF = Vascular endothelial growth factor](IJPharm-49-236-g001){#F1}

Brain-derived neurotrophic factor (BDNF) has been extensively studied with regard to antidepressant response prediction. BDNF is a key regulator of synaptic plasticity and plays an important role in cognitive functions.\[[@ref7]\] It is a secretory protein and a member of the neurotrophin family of growth factors, which acts in both central and peripheral nervous system. It helps in the survival of existing neurons, and in the growth and differentiation of new neurons and synapses.\[[@ref8]\] The neurotrophin hypothesis of depression is associated with reduced brain BDNF levels in depressive states which are alleviated with antidepressant therapy and increase in the BDNF levels.\[[@ref9]\] Several studies have reported an association between BDNF and antidepressant response\[[@ref10][@ref11][@ref12][@ref13]\] whereas certain others have obtained conflicting results.\[[@ref14][@ref15][@ref16][@ref17]\]

Brunoni *et al*.\[[@ref18]\] performed a systematic review and meta-analysis which dealt with the association of major depression and BDNF levels. The meta-analysis was performed to study the correlation between BDNF and depression (prognosis of antidepressant therapy). The results showed that BDNF levels were associated with clinical changes in depression. The study suggested that BDNF could be used together with the depression rating scales to address the efficacy of antidepressant therapy.

The Hamilton Depression Rating Scale (HDRS) is a clinician administered depression assessment scale. It has proven useful for many years as a way of determining a patient\'s level of depression before, during, and after treatment.\[[@ref19]\] In clinical studies of antidepressants, HDRS total score is used for establishing and comparing the treatment efficacy.\[[@ref20]\]

Our study is an attempt to identify the association of antidepressants with BDNF levels so as to analyze the use of BDNF as a predictive biomarker for assessing the efficacy of antidepressant therapy. The HDRS was taken as an indicator for antidepressant treatment outcome.

Materials and Methods {#sec1-2}
=====================

The aim of the study was to analyze the use of BDNF as a predictive biomarker which would be indicative of antidepressant treatment outcome in MDD patients. Hence, we fixed the hypothesis that there is no significant variation in BDNF before and after antidepressant treatment.

Selection criteria {#sec2-1}
------------------

Randomized controlled trials (RCTs) analyzing the pre and post treatment BDNF levels and HDRS score in MDD patients, regardless of age, gender, sample size, and ethnic background were selected. We included only the studies published in English. Plasma or serum BDNF concentration was expressed in picogram/ml. Studies published during 2000--2014 were selected. Review articles and studies assessing BDNF polymorphism, BDNF m-RNA levels, and postmortem studies were excluded from the study.

Search strategy for identification of studies {#sec2-2}
---------------------------------------------

The study has been done in accordance to Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. The authors independently conducted the literature search in PubMed, Science Direct, and Cochrane using the key words "BDNF" and "Depression" and "Antidepressants." Data were extracted independently by six authors (S.S, A.V, V.S.J, N.A, T.J, and S.M.J) and the discrepancies were resolved by consultation with the seventh author (T.S). From the initial search, a total of 566 results were obtained. These results were further screened and segregated on the basis of human studies, year of publication (2000/01/01-2014/12/31), abstracts available, and clinical trials. With these criteria we obtained a total of 285, 281, 258, and 41 studies, respectively. The reference lists of the articles were cross-checked to identify other significant studies. Titles and abstracts of the relevant articles identified were screened for eligibility, and any abstract which was potentially relevant was reviewed in full text. Finally, 6 RCTs that met the criteria were included based on (FAST and PICO) methods. PICO model is a tool which helps organizing and focusing the foreground research question. PICO denotes patient/population, intervention/exposure, comparison and outcome, respectively \[[Table 1](#T1){ref-type="table"}\]. Four simple questions can be used to identify if the study is worth reading and using and is called the FAST method. FAST method signifies finding, appraisal, synthesis, and transferability of results. The literature search and trial selection process has been shown in [Figure 2](#F2){ref-type="fig"}. All the 6 RCT's\[[@ref21][@ref22][@ref23][@ref24][@ref25][@ref26]\] addressed the pre and post treatment BDNF levels in MDD patients treated with antidepressants. All the RCT\'s included in the study were assessed using the Jadad score, which independently assesses the methodological quality of a clinical trial \[[Table 2](#T2){ref-type="table"}\].

###### 

PICO statement

![](IJPharm-49-236-g002)

![Diagram of literature search and trial selection process](IJPharm-49-236-g003){#F2}

###### 

Design and characteristics of studies included in meta-analysis

![](IJPharm-49-236-g004)

Data extraction and analysis {#sec2-3}
----------------------------

Details extracted from each trial revealed information about the year of publication, sample size, treatment given, duration of treatment, age, gender, mean and standard deviation (SD) of BDNF level, and HDRS score in pre- and post-treatment patient. The summary of the six RCT\'s shortlisted for the study has been included in [Table 2](#T2){ref-type="table"}.

All the analyses were performed using the software "Comprehensive Meta-Analysis". In all of the selected studies, BDNF levels and HDRS scores were reported (mean ± SD). From these values, standard mean difference (SMD) with 95% confidence intervals (CI) for individual studies was computed using random effect analyses model. Further, funnel plot was computed and heterogeneity test was also carried out. Tests were considered statistically significant when the *P* value was found to be \<0.05.

Results {#sec1-3}
=======

Search results {#sec2-4}
--------------

A total of 566 studies were identified, among which 5 studies were selected based on the criteria mentioned earlier. Among the six articles that were chosen from cross references, only one article met our conditions for inclusion criteria while the remaining five were excluded from the study. Finally, six randomized control trials that met the criteria were included in the systematic review and meta-analysis. A total of 154 subjects with MDD were considered in all the studies. Among the studies, two trials were conducted in Turkey, and remaining studies were conducted in Italy, Japan, Korea, and Germany. Duration of intervention for all the studies was between 5 and 12 weeks. All the selected articles followed the DSM-IV criteria for the diagnosis of MDD. Immunoassay was used to assess the levels of BDNF in all the studies. There were no particular age limits for the patients. Both females and males participated in the studies. Different classes of antidepressants in different doses were used in the selected studies. In all the studies, the changes in BDNF levels and HDRS score (before and after antidepressant treatment) were measured. Among the 6 articles selected for the meta-analysis, 3 of them\[[@ref22][@ref23][@ref24]\] clearly classified the patients as responders and nonresponders based on the HDRS score and one\[[@ref26]\] of them classified the patient group into responders and nonresponders based on both HDRS score as well as BDNF levels. The remaining article\[[@ref21][@ref22]\] did not divide the group based on the response, but they evaluated the change in BDNF levels as well as HDRS scores. Two of the Asian studies by Lee and Kim\[[@ref24]\] and Yoshimura *et al*.\[[@ref26]\] and another study by Aydemir *et al*.\[[@ref21]\] suggested a correlation between antidepressant treatment and BDNF concentration where the same was found to be increased. An Italian study conducted by Matrisciano *et al*.\[[@ref25]\] reported that different antidepressant drugs have variable effects on serum BDNF levels. A study on Turkish population conducted by Başterzi *et al*.\[[@ref22]\] did not reveal any significant change, whereas a similar study in Germany by Hellweg *et al*.\[[@ref23]\] indicated a decline of BDNF by 12% in paroxetine-treated patients.

Impact of antidepressant treatment on brain-derived neurotrophic factor level {#sec2-5}
-----------------------------------------------------------------------------

The data extracted from the articles with regard to BDNF before and after antidepressant treatment is summarized in [Table 3](#T3){ref-type="table"}. Using the random effects model, comparison of serum BDNF levels (before and after antidepressant therapy) was performed, and from these results, it could be suggested that antidepressant therapy is associated with a change in BDNF level, but did not produce any significant impact on it \[[Figure 3](#F3){ref-type="fig"}\]. (CI: −0.483--0.959; SMD: 0.238, *P* = 0.518). The effect size was similar in most of these studies. To identify bias, the funnel plot was utilized and possibilities of bias were observed. Further, Egger\'s regression analysis was performed which indicated the absence of publication bias (*P* = 0.455). The imputed funnel plot was then computed to identify heterogeneity. This was further confirmed using the heterogeneity test when *I*^2^, *Q*, and *P* values were found to be 88.909%, 45.081, and 0.001 respectively, thus indicating considerable heterogeneity \[[Table 4](#T4){ref-type="table"}\].

###### 

Data extracted from articles with regard to brain-derived neurotrophic factor before and after antidepressant treatment
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![Forest plot that shows the association of derived neurotrophic factor level in major depressive disorder patients before and after antidepressant treatment using random effect model. The pooled standard mean difference is represented by a diamond plot of standard height, with the width indicating 95% confidence interval](IJPharm-49-236-g006){#F3}

###### 

Results of heterogeneity study
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Impact of antidepressant treatment on Hamilton Depression Rating Scale score {#sec2-6}
----------------------------------------------------------------------------

Data extracted from articles with regard to HDRS score before and after antidepressant treatment is given in [Table 5](#T5){ref-type="table"}. HDRS score before and after antidepressant treatment was also compared using random effect model and the results indicate that the score improves after antidepressant therapy; hence, the HDRS score signifies a positive antidepressant treatment outcome \[[Figure 4](#F4){ref-type="fig"}\]. (CI: −1.719--3.707; SMD: 2.713, *P* \< 0.001). The effect size was similar in most of these studies. The funnel plot was computed to identify probabilities of any kind of bias. This was further evaluated by Egger\'s regression analysis which confirmed the absence of publication bias (*P* = 0.1417) and the asymmetry in the funnel plot may be due to other bias. The imputed funnel plot was obtained to detect heterogeneity. It was further confirmed using the heterogeneity test which gave an *I*^2^ value of 89.843%, *Q* value of 49.228, and (*P* \< 0.001) indicating considerable heterogeneity \[[Table 4](#T4){ref-type="table"}\].

###### 

Data extracted from articles with regard to Hamilton Depression Rating Scale score before and after antidepressant treatment
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![Forest plot that shows the association of Hamilton Depression Rating Scale scores in major depressive disorder patients before and after antidepressant treatment using random effect model. The pooled standard mean difference is represented by a diamond plot of standard height, with the width indicating 95% confidence interval](IJPharm-49-236-g009){#F4}

Discussion {#sec1-4}
==========

Several articles have been published which deal with the association of BDNF levels in MDD patients. Studies have suggested that BDNF can be used as a diagnostic marker in depressive patients as the level of BDNF is low in depressive patients and antidepressants increase the BDNF level in accordance to the neurotrophin hypothesis. Inspite of such suggestions from several studies, it is still not applied to clinical practice, as many contradictions exist on this topic. Moreover, none of the studies have proven the usefulness of BDNF as a biomarker to predict the antidepressant treatment efficacy. A previous meta-analysis\[[@ref18]\] has reported an association of antidepressant treatment and BDNF levels, which aimed to evaluate whether BDNF levels were correlated with improvement of depression. The study concluded that the BDNF level increased significantly after antidepressant treatment. A significant correlation also existed between changes in BDNF levels and depression scores.

The present meta-analysis was an initiative to identify whether antidepressant therapy is associated with changes in BDNF and if the same can be used as a predictive biomarker with regard to antidepressant treatment efficacy. The change in HDRS score in regard to antidepressant therapy was taken as an indicator for antidepressant treatment outcome. While studying the association between antidepressants and BDNF level, the pooled "*P*" value (*P* \> 0.05) with 95% CI suggested that the antidepressant treatment does not have a significant impact on BDNF level. The HDRS data analysis indicates a decrease in the severity of depression (*P* \< 0.001). Hence, BDNF levels may not reflect antidepressant therapy outcome, and therefore, this restricts its use as a biomarker.

Certain limitations must be considered while interpreting the results of our studies. The sample size included in the meta-analysis is considerably small. Antidepressant classes, dosage regimen, duration of treatment, and ethnicity of the patient population are varied among the studies. The outcome definitions are also different among the studies.

MDD is a heterogeneous illness for which there is no effective method to assess the treatment response. BDNF regulates synaptic plasticity in neuronal networks involved in depressive behaviors.\[[@ref27]\] Even though antidepressants play a vital role in the regulation of BDNF, further information is required regarding the role of specific classes of antidepressants on BDNF concentrations.

Conclusion {#sec1-5}
==========

Changes in BDNF levels do not occur uniformly for all the antidepressants. Hence, to use BDNF as a biomarker, it needs to be seen whether the same is true for all antidepressants.
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